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(54) Method of and apparatus for winding film, method of and apparatus for supplying film roll 
core, and method of and apparatus for inspecting appearance of film roll 



(57) A film winding apparatus has a film winding 
mechanism (50) for rotating a roll core (28) to wind an 
elongate film (24) around the roll core (28) thereby to 
produce a film roll (30), a product receiving mechanism 
(52) for gripping the film roll (30) while tensioning the 
elongate film (24), the product receiving mechanism 
(52) being displaceable away from the film winding 



mechanism (50), and a cutting mechanism (54) for 
transversely cutting off the elongate film (24) while the 
elongate film (24) is being tensioned by the product 
receiving mechanism (52). The elongate film (24) can 
be wound highly accurately around the roll core (28) 
with a simple process and arrangement 



FIG.1 



CM 
< 
O 

o> 

CO 
CO 




CL 
111 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDCCID: <EP 1063 190 A 2 I > 



1 



EP 1 063 190 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a method of 
and an apparatus for winding a film, a method of and an 
apparatus for supplying a film roll core, and a method of 
and an apparatus for inspecting the appearance of a 
film roll, which are applied to a film rewinder or a film 
cutter to wind a film around a roll core. 

Description of the Related Art: 

[0002] Generally, film rewinders for automatically 
winding a film around a core or film cutters for cutting a 
wider film into a narrower film and automatically winding 
the narrower film around a core employ an arrangement 
for cutting an elongate film upstream of a film winding 
station and thereafter feeding the cut film length to the 
film winding station. For details, reference should be 
made to Japanese laid-open patent publication No. 1 0- 
25043, for exam-pie. 

[0003] According to the above process, the leading 
end of the cut film is in a free state and is not controlled. 
Therefore, the film tends to undulate and it is difficult to 
align an edge of the film at a constant position with an 
end of a roll core. For example, rolls of photosensitive 
material such as print paper have a film edge whose 
shape is highly important for film quality. If a film edge 
projects axially outwardly from an end of the roll core, 
then the projecting film edge tends to be damaged while 
the film is packaged or delivered. 
[0004] Various proposals have been made to wind 
a film around a core highly accurately with simple and 
inexpensive arrangements. For example, Japanese pat- 
ent publication No. 7-53547 and Japanese laid-open 
patent publication No. 10-53360 disclose apparatus in 
which a product with a wound film is discharged using a 
vertically movable product receiver, then a new core is 
supplied, and the film is cut while the film is being 
nipped by the supplied core and a touch roller. 
[0005] According to the above proposed structures, 
while the product is being lowered after it has been 
unchucked, the film is free of any tension. Therefore, if 
the film passes through a displaced position, then an 
edge of the film projects from an end of the roll core. 
[0006] The above film rewinders and film cutters 
have an automatic core supply device for automatically 
supplying a core to a circumferential edge of the film 
winding station and an automatic film winding device for 
rotating the roll core supplied from the automatic core 
supply device to automatically wind the film around the 
roll core. However, since the automatic core supply 
device and the automatic film winding device have their 
operating ranges partly interfering with each other, it is 
difficult to shorten the period of time after the winding of 



the film has been completed until a film starts being 
wound around a new core. This is because after the 
automatic core supply device has place a core in the 
film winding station, the automatic core supply device is 

5 sufficiently retracted from the film winding station, and 
then the film starts being wound around the roll core. As 
a result, the entire process of winding the film around 
the roll core cannot be speeded up, and the apparatus 
is complex in structure, resulting in a considerably high 

io cost of equipment. 

[0007] As disclosed in Japanese laid-open patent 
publication No. 5-17058, there is known a process of 
surrounding a new core with an endless belt in a 
retracted position, moving the endless belt to a winding 

is position after the winding of a web material has been 
completed in the winding position, and rotating the roll 
core to wind a new web material therearound. 
[0008] Since "rt is difficult to supply the roll core 
accurately to the winding position with the endless belt 

20 only, a member is used to fix the roll core in position. 
The member needs to be moved back and force by a 
cylinder, and a time loss is caused to retract the mem- 
ber with the cylinder. In addition, because of the core fix- 
ing member used, the endless belt cannot be positioned 

25 closely around the roll core fully across its axis, making 
it difficult to wind the film highly precisely around the roll 
core. 

[0009] Rolled film products have end faces whose 
shapes are important for product quality. For example, 

30 rolled film products suffer appearance defects if a rolled 
film product has a concave conical end face as shown in 
FIG. 50 of the accompanying drawings, if a rolled film 
product has a convex conical end face as shown in FIG. 
51 of the accompanying drawings, if a rolled film product 

35 has a film layer projecting an end face thereof as shown 
in FIG. 52 of the accompanying drawings, or if a rolled 
film product has an end face displaced wholly or partly 
as shown in FIG. 53 of the accompanying drawings. 
These appearance defects are responsible for damage 

40 to the end faces of the products while they are being 
packaged or delivered. Accordingly, it is necessary to 
inspect rolled film products for their end face configura- 
tion. 

[001 0] It has been customary to visually or factually 
45 inspect rolled film products for their end face configura- 
tion. Other processes of inspecting products other than 
films for their appearance are disclosed in Japanese 
laid-open patent publications Nos. 6-24649 (first con- 
ventional process), 7-304567 (second conventional 
so process), and 9-58930 (third conventional process). 
[001 1 ] According to the first conventional process, a 
parallel slit light beam emitted by an illuminating device 
comprising a light source and a slit is applied from a 
side of a spinning package to an edge thereof. The irra- 
55 diated area is imaged by a CCD camera, and the image 
is processed to effect pattern matching for comparison 
with a normal package configuration. 
[0012] According to the second conventional proc- 
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ess. a strip-shaped beam of light emitted from a laser 
oscillator and dispersed by a cylindrical lens is applied 
tc an eage of a yarn package. A yarn filament is raised 
trom tne package edge under electrostatic induction, 
aro an mage of the raised yarn filament captured by a 5 
CCD camera is converted into a binary image. The 
OvunJary between non-irradiated and irradiated areas 
binary image, near the non-irradiated area, is 
scanneo by a line sensor, and compared with a thresh- 
old value having a predetermined signal width. 70 
[001 3J According to the third conventional process, 
id^er displacement meters are vertically disposed 
respectively against face and back end faces of a yarn 
txDO n Based on output signals from the laser dis- 
placement meters, distances up to the face and back 15 
era taccs of the yarn bobbin are measured, and surface 
i"tv) U iant>cs o* the face and back end faces of the yarn 
t>cto n are measured for automatically determining con- 
to jf detects of the yarn bobbin. 

(001 4) Smce the conventional processes of inspect- 20 
irvj rolled hm products for their appearance have been 
m^nuairy performed visually or factually, the rolled film 
products cannot be evaluated objectively. Evaluation 
stanoarrjs terd to vary from lot to lot, personnel 
expenses that are required are liable to be high, and the 25 
perod of time required for the inspection is likely to be 
long resulting in a poor productivity. 

(0015) The first through third conventional proc- 
esses described above are not aimed at the inspection 

of roiled film products. If these conventional processes 30 
are aopl ed to the inspection of rolled film products, then 
inasmuch they employ commercially available laser dis- 
placement meters and light sources, inspected rolled 
Mm products may be exposed to undesirable light. 

35 

SUMMARY OF THE INVENTION 

(0016) it is a general object of the present invention 
to provide a method of and an apparatus for winding a 
film r ighly accurately and efficiently around a core with 40 
a sirrple process and arrangement. 

[0017] A primary object of the present invention is 
to provioe a method of and an apparatus for supplying a 
film roll core to allow a film to be wound quickly and 
highly accurately around the film roll core, through a 45 
simple arrangement. 

[001 8] Another principal object of the present inven- 
tion ts to provide a method of and an apparatus for 
inspecting the appearance of a film roll accurately within 
a short period of time without affecting the quality of the so 
film for effectively increasing the production efficiency. 
[0019] The above and other objects, features, and 
advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawings in which ss 
preferred embodiments of the present invention are 
shown by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

FIG. 1 is a schematic side elevation a I view of a film 
rewinder incorporating a film winding apparatus 
according to a first embodiment of the present 
invention; 

FIG. 2 is a side elevational view of the film winding 
apparatus; 

FIG. 3 is a front elevational view showing a detect- 
ing means and an automatic correcting means of 
the film winding apparatus; 

FIG. 4 is a front elevational view of a film winding 
mechanism of the film winding apparatus; 
FIG. 5 is a perspective view, partly in block form, an 
appearance inspecting apparatus according to an 
embodiment of the present invention, with a photo- 
detector being arranged to image an inspected sur- 
face obliquely; 

FIG. 6 is a side elevational view of an arrangement 
of a laser beam source and a photodetector; 
FIG. 7 is a side elevational view of another arrange- 
ment of a laser beam source and a photodetector; 
FIG. 8 is a schematic side elevational view showing 
the manner in which an elongate film is fed to the 
film winding mechanism; 

FIG. 9 is a schematic side elevational view showing 
the manner in which the elongate film is wound 
around a core; 

FIG. 10 is a schematic side elevational view show- 
ing the manner in which a film roll is received by a 
product receiving mechanism; 
FIG. 11 is a schematic side elevational view show- 
ing the manner in which the product receiving 
mechanism is lowered; 

FIG. 12 is a schematic side elevational view show- 
ing the manner in which the elongate film is cut off; 
FIG. 13 is a schematic side elevational view show- 
ing the manner in which the elongate film starts 
being wound around the roll core; 
FIG. 1 4 is a perspective view, partly in block form, of 
an appearance inspecting apparatus according to 
another embodiment of the present invention, with 
a photodetector being arranged in confronting rela- 
tionship to an inspected surface obliquely; 
FIG. 15 is a fragmentary perspective view of an 
inspected product which is rolled well; 
FIG. 16 is a view showing a captured Image of the 
inspected product shown in FIG. 15; 
FIG. 17 is a fragmentary perspective view of an 
inspected product which has a concave conical end 
face; 

FIG. 18 is a view showing a captured image of the 

inspected product shown in FIG. 17; 

FIG. 19 is a fragmentary perspective view of an 

inspected product which has a convex conical end 

face; 
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FIG. 20 is a view showing a captured image of the 
inspected product shown in FIG. 19; 
FIG. 21 is a fragmentary perspective view of an 
inspected product which has a film layer projecting 
from an end face thereof; 5 
FIG. 22 is a view showing a captured image of the 
inspected product shown in FIG. 21; 
FIG. 23 is a fragmentary perspective view of an 
inspected product which has an end face displaced 
wholly or partly; 10 
FIG. 24 is a view showing a captured image of the 
inspected product shown in FIG. 23; 
FIG. 25 is a diagram showing principles of deter- 
mining whether an appearance is good or bad with 
an image processing device; is 
FIG. 26 is a perspective view, partly in block form, of 
the appearance inspecting apparatus which 
inspects the appearance of an end face (inspected 
surface) of a roll of an inspected sheet while it is 
being wound; 20 
FIG. 27 is a perspective view, partly in block form, of 
the appearance inspecting apparatus which 
inspects the appearance of a side surface of a stack 
of sheets; 

FIG. 28 is a view showing a captured image in 25 
inspecting the appearance of a side surface of a 
stack of sheets; 

FIG. 29 is a perspective view, partly in block form, of 
the appearance inspecting apparatus which 
inspects the appearance of an upper surface of an 30 
inspected plate-like member; 
FIG. 30 is a view showing a captured image in 
inspecting the appearance of an upper surface of 
an inspected plate-like member; 

FIG. 31 is a schematic side elevational view of a 35 
film winding apparatus according to a second 
embodiment of the present invention; 
FIG. 32 is a side elevational view showing the man- 
ner in which an elongate film is cut off after a film 
roll has been produced by the film winding appara- 40 
tus; 

FIG. 33 is a side elevational view showing the man- 
ner in which the elongate film, which is cut off in 
FIG. 32, is wound around a new core; 
FIG. 34 is a schematic side elevational view of a as 
film cutter which incorporates a film roll core sup- 
plying apparatus according to a third embodiment 
of the present invention; 

FIG. 35 is a plan view of a film winding apparatus 
and the film roll core supplying apparatus of the film so 
cutter; 

FIG. 36 is a side elevational view of the film roll core 
supplying apparatus; 

FIG. 37 is a fragmentary perspective view of the 
film roll core supplying apparatus; 55 
FIG. 38 is a schematic side elevational view show- 
ing the manner in which an elongate film is wound 
around a core; 



FIG. 39 is a schematic side elevational view show- 
ing the manner in which a lifter table is elevated 
after the elongate film has been wound; 
FIG. 40 is a schematic side elevational view show- 
ing the manner in which an end of the elongate film 
is cut off after a film roll has been produced; 
FIG. 41 is a schematic side elevational view show- 
ing the manner in which the film roll core supplying 
apparatus that grips a new core after the elongate 
film has been cut off is moved to a film winding posi- 
tion; 

FIG. 42 is a schematic side elevational view show- 
ing the manner in which first and second block 
wrappers of the film roll core supplying apparatus 
are opened; 

FIG. 43 is a schematic side elevational view show- 
ing the manner in which the first and second block 
wrappers are retracted and the elongate film is 
wound around the roll core; 

FIG. 44 is a schematic side elevational view of a 
film cutter which incorporates a film roll core sup- 
plying apparatus according to a fourth embodiment 
of the present invention; 

FIG. 45 is a schematic side elevational view show- 
ing the manner in which an elongate film is wound 
around a core in the film roll core supplying appara- 
tus according to the fourth embodiment; 
FIG. 46 is a schematic side elevational view show- 
ing the manner in which a lifter table is elevated 
after a film roll has been produced in the film roll 
core supplying apparatus according to the fourth 
embodiment; 

FIG. 47 is a schematic side elevational view show- 
ing the manner in which the film roll is lowered in 
the film roll core supplying apparatus according to 
the fourth embodiment; 

FIG. 48 is a schematic side elevational view show- 
ing the manner in which the elongate film of the film 
roll is cut off; 

FIG. 49 is a schematic side elevational view show- 
ing the manner in which the elongate film is wound 
around a new core; 

FIG. 50 is a fragmentary perspective view of a 
rolled film product having a concave conical end 
face; 

FIG. 51 is a fragmentary perspective view of a 
rolled film product having a convex conical end 
face; 

FIG. 52 is a fragmentary perspective view of a 
rolled film product which has a film layer projecting 
an end face thereof; and 

FIG. 53 is a fragmentary perspective view of a 
rolled film product which has an end face displaced 
wholly or partly. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0021] FIG. 1 schematically shows a film rewinder 
12 incorporating a film winding apparatus 10 according 5 
to a first embodiment of the present invention. 
[0022] As shown in FIG. 1 , the film rewinder 1 2 gen- 
erally comprises a film delivery apparatus 18 for rotating 
a rolled photosensitive material 14 (hereinafter referred 
to as film roll 14") comprising a PET film, a TAC film, a 
PEN film, or a print sheet or the like as a base, to 
unwind and deliver an elongate film 1 6, a feed appara- 
tus 20 for feeding the elongate film 16 successively 
through subsequent processing stages, an edge cutting 
apparatus 26 for cutting off opposite edges 22 of the 
elongate film 16 fed by the feed apparatus 20 to pro- 
duce an elongate film 24 having a predetermined width, 
and a film winding apparatus 10 for winding the elon- 
gate film 24 around a roll core 28 and thereafter cutting 
off the elongate film 24 to a predetermined length for 
thereby producing a product (film roll) 30a. 
[0023] The film delivery apparatus 1 8 has a delivery 
shaft 32 on which the film roll 14 is supported and which 
is coupled to a rotary actuator (not shown) and control- 
led by a variable brake 34. The feed apparatus 20 has a 
main feed roller 36 such as a suction drum or the like 
and a plurality of rollers 38. The edge cutting apparatus 
26 has a pair of upper and lower rotary cutters 40 and a 
pair of edge winding units 42 for winding the severed 
edges 22. 

[0024] As shown in FIG. 2, the film winding appara- 
tus 1 0 comprises a film winding mechanism 50 for hold- 
ing and rotating the roll core 28 to wind a predetermined 
length of the elongate film 24 around the roll core 28 for 
thereby producing a film roll 30, a product receiving 
mechanism 62 for gripping a circumferential surface of 
the elongate film 24 wound around the roll core 28 
under tension, the product receiving mechanism 52 
being displaceable away from the film winding mecha- 
nism 50, a cutting mechanism 54 for transversely cut- 
ting the elongate film 24 while the elongate film 24 is 
being tensioned by the product receiving mechanism 
52, and a supply apparatus 56 for automatically supply- 
ing the roll core 28 to the film winding mechanism 50. 
[0025] The film winding mechanism 50 has an 
upper frame 58 which supports thereon a path roller 60 
that is positionally adjustable in the directions indicated 
by the arrow A by a slide means 62. A rotary actuator 
(not shown) is coupled to the path roller 60 for rotating 
the path roller 60 in the direction indicated by the arrow 
B at a peripheral speed higher than the speed at which 
the elongate film 24 is fed by the main feed roller 36. 
[0026] A nip roller 64 is positioned for movement 
into and out of rolling contact with the path roller 60. The 
nip roller 64 can be moved toward and away from the 
path roller 60 by a cylinder 66. When the nip roller 64 is 
pressed against the path roller 60 with the elongate film 
24 sandwiched therebetween, a predetermined tension 



is applied to the edge cutting apparatus 26 while the 
elongate film 24 downstream of the nip roller 64 is not 
being tensioned. The slide means 62, which supports 
the path roller 60 and the nip roller 64 thereon, is posi- 
tionally adjustable in the directions indicated by the 
arrow A depending on different (e.g., two) core diame- 
ters. 

[0027] As shown in FIGS. 2 through 4, the film 
winding mechanism 50 has a pair of winding chucks 
68a, 68b for holding the respective opposite ends of the 
roll core 28 and rotating the roll core 28. The winding 
chucks 68a, 68b are movable toward and away from 
each other in the directions indicated by the arrow C by 
a slide means 70. To the winding chuck 68a, there is 
connected a torque-controllable servomotor 72 for ten- 
sioning the elongate film 24 after the elongate film 24 
has been wound around the roll core 28. 
[0028] As shown in FIG. 4, the slide means 70 has 
a pair of base members 76a, 76b that is positionally 
adjustable along a guide rail 74. A first movable base 
80a that is movable back and forth by a first cylinder 78a 
is mounted on the base member 76a. The first movable 
base 80a supports thereon a servomotor 72 having a 
drive shaft 82 that is ope rati vely coupled to a rotatable 
shaft 86a of the winding chuck 68a by a belt and pulley 
mechanism 84. The rotatable shaft 86a is rotatably sup- 
ported on the first movable base 80a by a bearing (not 
shown). 

[0029] A second movable base 80b that is movable 
back and forth by a second cylinder 78b is mounted on 
the base member 76b. The winding chuck 68b has a 
rotatable shaft 86b rotatably supported on the second 
movable base 80b by a bearing (not shown). 
[0030] As illustrated in FIG. 2, the film winding 
mechanism 50 also has a movable nip roller 90 for hold- 
ing the elongate film 24 against the peripheral surface of 
a new roll core 28 when the elongate film 24 is cut off, 
and a movable guide roller 92 for guiding the end of the 
severed elongate film 24 onto the peripheral surface of 
the roll core 28. The nip roller 90 is rotatably supported 
on the tip end of a rod 96 that extends horizontally from 
a first drive cylinder 94. The guide roller 92 is swingably 
supported by a leaf spring 1 02 on the tip end of a rod 
100 that extends horizontally from a second drive cylin- 
der 98. The cutting mechanism 54 has a movable base 
106 movable back and forth along a guide rail 104 in 
directions across the elongate film 24, and a disk cutter 
108 rotatably mounted on the distal end of the movable 
base 1 06. The cutting mechanism 54 is disposed above 
a suction box 112 that is movable back and forth hori- 
zontally by a third drive cylinder 1 10. A path changing 
roller 1 14 is rotatably supported on an upper portion of 
the suction box 1 1 2. The path changing roller 1 14 func- 
tions to direct the elongate film 24 substantially perpen- 
dicularly to a straight line that interconnects the axis of 
the roll core 28 and the axis of the nip roller 90 when the 
elongate film 24 begins to be wound around the roll core 
28. 
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(0031] The product receiving mechanism 52 has a 
liner table 120 vertically movable along a guide rail 118 
on a side surface of a base 1 16. The product receiving 
mecnaniim t>2 also includes a main assembly 124 
mounted or me irner table 120 and movable back and 
forth in directions across the elongate film 24 by an 
automate correct ng means 122. The main assembly 
124 includes a torque motor 126 having a drive shaft 
1 29 tna! is operative ly coupled to a tensioning roller 1 34 
by a first belt and pulley mechanism 130 and a second 
bett and pulley mechanism 132. The tensioning roller 
134 is dnvably supported on the distal end of a first 
swing arm 136 

(0032) The first swing arm 136 is swingably sup- 
ported on a shaft to which a first gear 138 is coaxially 
fixed The first gear 138 is held in driving mesh with a 
sccord gear 1 40 !ha: is coaxially fixed to the shaft of a 
secord sw»ng arm 142. The second swing arm 142 sup- 
ports a tree roller 1 44 rotatably on its distal end. A ten- 
sion spnng 146 is connected between substantially 
central pnrr»ons of the first and second swing arms 136, 
14? 

[0033] A slide base 148 is mounted on a side sur- 
face of the mam assemoly 1 24 for movement in direc- 
tions across the etonqate film 24. A motor 150 mounted 
on the si de base 146 is operatively coupled to a swing- 
able arm 154 ty a belt and pulley mechanism 152, and 
a rider roller 156 is rotatably supported on the upper 
end cf the arm 154. A conveyor 158 for discharging a 
rolled film prodjct 30a is disposed between the first and 
second swing arms 136, 142. 

[0034] As shown in FIG. 3, a detecting means 1 60 
for detecting whether the elongate film 24 is positionally 
displaced in its transverse directions indicated by the 
arrow C or no: is positioned in the vicinity of the film 
winding mechanism 50. The automatic correcting 
means 122. wnch serves to automatically correct the 
position of the elongate film 24 based on a signal from 
the detecting means 160, is incorporated in the main 
assembly 124. The detecting means 160 has a sensor 
162 for detecting an edge of the elongate film 24. The 
sensor 1G2 comprises an optical sensor, e.g., an infra- 
red sensor such as an LED, a laser, or the like. 
[0035] The automatic correcting means 122 has a 
servomotor 1 76 that is controlled by a feedback signal 
based on a detected signal from the sensor 162. The 
servomotor 176 is connected to a ball screw 178 
extending in the direction indicated by the arrow C and 
rotatably supported on the lifter table 120. The lifter 
table 120 supports thereon a pair of rails 180a, 180b on 
which the main assembly 124 is supported for back- 
and-forth movement in the directions indicated by the 
arrow C. A holder 1 84 is fixed to the main assembly 1 24 
and has an internally threaded surface (not shown) that 
is threaded over the ball screw 1 78. Therefore, when the 
ball screw 178 rotates about its own axis, the main 
assembly 124 moves horizontally along the rails 180a, 
180b. 



[0036] As shown in FIG. 2, the supply apparatus 56 
has a core support base 190 for supporting a roll core 
28. The core support base 190 is vertically movable 
between a core receiving position and a core transfer- 

5 ring position by a vertical cylinder 1 92. A suction box 
193 that is connected to a vacuum source (not shown) 
is mounted on the core support base 190. A core feed- 
ing means 1 94 is disposed at the core transferring posi- 
tion and has a block wrapper 196 that is movable back 

10 and forth horizontally. 

[0037] As shown in FIG. 5, the film rewinder 12 has 
an appearance inspecting apparatus 200 for inspecting 
the appearance of the product 30a. The appearance 
inspecting apparatus 200 comprises a laser beam 

15 source (irradiating means) 204 for irradiating at least 
one inspected surface (end surface) 202 of the product 
30a with a linear laser beam L (straight laser beam in 
the first embodiment) in a wavelength range to which 
the photosensitive material is not sensitive, a photode- 

20 tector (imaging means) 206 for capturing an image of a 
reflected beam Lr from the inspected surface 202 that is 
irradiated with the laser beam L, and an image proces- 
sor (inspecting means) 208 for inspecting whether the 
appearance of the product 30a is good or bad based on 

25 the image of the reflected beam Lr captured by the pho- 
todetector 206. To the image processor 208, there is 
connected a display monitor 21 0 for the operator to view 
the image of the reflected beam Lr. 
[0038] The wavelength range to which the photo- 

30 sensitive material is not sensitive is upward from 900 
nm. The photodetector 206 may comprises a black-and- 
white CCD television camera which is sensitive to a 
near-infrared range. As shown in FIG. 5, the inspected 
surface 202 of the rolled film product 30a is an upper 

35 end surface of the rolled film product 30a. 

[0039] As shown in FIG. 6, the laser beam source 
204 and the photodetector 206 may be angularly related 
to each other such that an angle 91 formed between the 
optical axis of the laser beam source 204 and the 

40 inspected surface 202 ranges from 45° to 60°, and an 
angle 62 formed between the central line of the imaging 
surface of the photodetector 206 and the inspected sur- 
face 202 ranges from 45° to 60°. Alternatively, as shown 
in FIG. 7, the laser beam source 204 and the photode- 

45 tector 206 may be angularly related to each other such 
that the angle 01 formed between the optical axis of the 
laser beam source 204 and the inspected surface 202 
ranges from 45° to 60°, and the angle 82 formed 
between the central line of the imaging surface of the 

so photodetector 206 and the inspected surface 202 is 
approximately 90°. 

[0040] The relative angular relationship between 
the laser beam source 204 and the photodetector 206 it 
not limited to the examples shown in FIGS. 6 and 7, but 
55 may be determined on the basis of the resolution of the 
image in the image processor 208 and the contrast of 
the image displayed on the display monitor 21 0. 
[0041] Operation of the film rewinder 12 thus con- 
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struct ed will be described below in connection with the 
film winding apparatus 1 0 according to the first embodi- 
ment. 

[0042] As shown in FIG. 1, the film roll 14 mounted 
in the film delivery apparatus 18 is unwound upon rota- 
tion of the delivery shaft 32, and an elongate film 16 
unreeled from the film roll 14 is guided to the main feed 
roller 36 of the feed apparatus 20. The main feed roller 
36 comprises a suction drum, for example, and is con- 
trolled according to a predetermined speed pattern by 
an AC servomotor (not shown). 

[0043] The elongate film 16 whose speed has been 
adjusted by the main feed roller 36 is sent to the edge 
cutting apparatus 26 in which the opposite edges 22 of 
the elongate film 16 are cut off by the upper and lower 
rotary cutters 40, thus producing an elongate film 24 
having a predetermined width. The edge cutting appa- 
ratus 26 feeds the elongate film 24 to the film winding 
apparatus 10. The edges 22 severed from the elongate 
film 16 are wound by the edge winding units 42 accord- 
ing to a predetermined tension pattern. 
[0044] For the film winding apparatus 10 to start 
winding the elongate film 24 for a first film roll, as shown 
in FIG. 8, a roll core 28 is held in a film winding position 
by the winding chucks 68a, 68b of the film winding 
mechanism 50 and the block wrapper 196 of the supply 
apparatus 56. The elongate film 24 is delivered verti- 
cally downwardly by the nip roller 64 and the path roller 
60 upon rotation of the path roller 60, and the leading 
end of the olongate film 24 is automatically or manually 
brought in » a position where it is attracted and held by 
the suction box 1 12. 

[0045] The edges of the elongate film 24 are posi- 
tionally controlled by guides (not shown) that are posi- 
tioned in ganged relationship to the winding chucks 68a, 
68b. The elongate film 24 is supported by the path 
changing roller 1 1 4, so that the elongate film 24 extends 
and is held in a direction perpendicular to the straight 
line that interconnects the axis of the roll core 28 and 
the axis o he nip roller 90. Then, the disk cutter 108 of 
the cutting mechanism 54 moves in a direction across 
the elongate film 24 to cut off the elongate film 24 trans- 
versely 

[0046] The second drive cylinder 98 is actuated to 
displace the guide roller 92 toward the roll core 28. The 
gu'-je roller 92 now brings the leading end of the sev- 
ered elongate film 24 into contact with the peripheral 
surface of the roll core 28 for an angular interval of 90°. 
The distance between the roll core 28 and the disk cut- 
ter 108 is selected such that the distal end of the elon- 
gate film 24 can be inserted into the block wrapper 196. 
[0047] After the guide roller 92 has reached its 
stroke end, as shown in FIG. 4, the servomotor 72 is 
energized to cause the belt and pulley mechanism 84 to 
start rotating the winding chuck 68a. The roll core 28 is 
now rotated to wind the elongate film 24 around the roll 
core 28 for a length to keep the elongate film 24 under 
tension, preferably, two or three turns around the roll 



core 28. Thereafter, the block wrapper 1 96 is retracted, 
and the first and second drive cylinders 94, 98 are actu- 
ated to move the nip roller 90 and the guide roller 92 
away from the roll core 28. 

5 [0048] As shown in FIG. 9, when the elongate film 
24 has been wound to a predetermined length around 
the roll core 28 by the film winding mechanism 50, pro- 
ducing a film roll 30, the product receiving mechanism 
52 is elevated to cause the rider roller 1 56, the tension- 

w ing roller 134, and the free roller 144 to hold the film roll 
30 (see FIG. 10). When the film roll 30 is held by the 
rider roller 156, the tensioning roller 134, and the free 
roller 144, the torque of the servomotor 72 has been 
controlled to impart a certain tension to the elongate 

is film 24 of the film roll 30. The rider roller 156, the ten- 
sioning roller 134, and the free roller 144 constitute the 
product receiving mechanism 52. 
[0049] The torque motor 126 is then energized to 
cause the first and second belt and pulley mechanisms 

20 130, 132 to rotate the tensioning roller 134 in the direc- 
tion indicated by the arrow D in FIG. 10. Therefore, the 
elongate film 24 is given a predetermined tension by the 
tensioning roller 134. 

[0050] The servomotor 72 of the film winding mech- 

25 anism 50 is de-energized, and the first and second cyl- 
inders 78a, 78b of the slide means 70 are actuated to 
release the winding chucks 68a, 68b from the opposite 
ends of the film roll 30, thereby unchucking the film roll 
30. The film roll 30, while being tensioned by the ten- 

30 sioning roller 134 and the free roller 144, Is transferred 
to the product receiving mechanism 52, which is then 
lowered to a product discharging position. 
[0051] At this time, since an upper portion of the 
elongate film 24 is Immovably held by the path roller 60 

35 and the nip roller 64, as shown in FIG. 11, when the 
product receiving mechanism 52 is lowered, the film roll 
30 rotates in the direction indicated by the arrow and is 
lowered while unwinding the elongate film 24 from its 
outer circumference. At this time, the torque motor 126 

40 is rotated in the direction indicated by the arrow D in 
FIG. 10 at a torque to impart a tension smaller than the 
tension of the elongate film 24. 

[0052] When the film roll 30 is lowered, while the 
outer circumference of the film roll 30 is being held by 

45 the rider roller 156, the tensioning roller 134, and the 
free roller 1 44, the film roll 30 may be lowered to pull the 
elongate film 24 from between the path roller 60 and the 
nip roller 64, i.e., the film roll 30 may be lowered while it 
is being fixed against rotation. At this time, the torque 

so motor 126 is rotated in the direction indicated by the 
arrow D in FIG. 10 at a torque to impart a tension 
greater than the tension of the elongate film 24. 
[0053] As shown in FIGS. 9 and 10, when the elon- 
gate film 24 is wound around the roll core 28 by the film 

55 winding mechanism 50, a new core 28 is attracted to the 
suction box 1 93 on the core support base 1 90 of the 
supply apparatus 56, elevated from the core receiving 
position to the core transferring position,, and then 
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gripped by the block wrapper 196 of the core feeding 
means 194. After the elongate film 24 has been wound 
to a predetermined length around the roll core 28, pro- 
ducing a film roll 30, and the film roll 30 has been held 
and lowered by the product receiving mechanism 52, 
the block wrapper 1 96 holds the new core 28 and places 
the new core 28 in the film winding position, as shown in 
FIG. 12. 

[0054] As shown in FIG. 2, the third cylinder 1 1 0 is 
actuated to bring the path changing roller 1 14 into abut- 
ment against the elongate film 24 thereby to hold the 
elongate film 24 in the vertical direction. At this time, as 
shown in FIG. 3, the sensor 162 of the detecting means 
160 detects whether the elongate film 24 is positionally 
displaced in the transverse direction indicated by the 
arrow C or not. 

[0055] If the sensor 162 detects that elongate film 
24 is positionally displaced in the transverse direction, 
then the film rewinder 12 is deactivated or the automatic 
correcting means 122 corrects the position of the elon- 
gate film 24. Specifically, the servomotor 1 76 is control- 
led by a feedback signal based on an output signal from 
the sensor 162, e.g., a linear length sensor using a laser 
beam. The ball screw 178 is rotated to move the main 
assembly 1 24 in unison with the holder 1 84 in the direc- 
tion indicated by the arrow C, so that the film roll 30 held 
by the product receiving mechanism 52 moves in the 
direction indicated by the arrow C to correct the trans- 
verse position of the elongate film 24. 
[0056] Then, the torque motor 126 of the product 
receiving mechanism 52 is energized to tension the 
elongate film 24, and the first drive cylinder 94 is actu- 
ated to project the nip roller 90 to hold the elongate film 
24 against the outer circumference of the roll core 28. 
The disk cutter 1 08 of the cutting mechanism 54 is actu- 
ated to cut the elongate film 28 transversely therea- 
cross. When the guide roller 92 is moved toward the roll 
core 28 by the second drive cylinder 98, the leading end 
of the elongate film 24 that is in a free state between the 
nip roller 90 and the cutter 108 is applied to the circum- 
ferential surface of the roll core 28 by the guide roller 92. 
[0057] If an elongate film 24 which can relatively 
easily be broken is employed, then it may be cut off by 
the cutting mechanism 54 after the torque motor 126 
has been deenergized, or alternatively, the torque motor 
126 may be deenergized while the elongate film 24 is 
being cut off by the cutting mechanism 54. 
[0058] After the elongate film 24 has been wound 
around two or three turns around the roll core 28 by the 
film winding mechanism 50, the block wrapper 1 96. the 
nip roller 90, and the guide roller 92 are retracted, and 
then the elongate film 24 is wound a predetermined 
length around the roll core 28 (see FIG. 13). 
[0059] In the product receiving mechanism 52, the 
tensioning roller 134 is rotated to rotate a film roll 30a in 
the direction in which the elongate film 24 has been 
wound, thus winding the trailing end of the severed 
elongate film 24 to a suitable length. The film roll or 



14 

rolled film product 30a is transferred from the product 
receiving mechanism 52 to the conveyor 158, which 
then discharges the rolled film product 30a. A tape 
applying mechanism (not shown) for fastening the trail- 
5 ing end of the elongate film 24 on the rolled film product 
30a with a tape may be disposed near the product 
receiving mechanism 52. 

[0060] In the first embodiment, as described above, 
after the elongate film 24 has been wound around the 

10 roll core 28 by the film winding mechanism 50 to pro- 
duce the film roll 30, the film roll 30 is transferred to the 
product receiving mechanism 52, which is lowered to 
lower the film roll 30, and then the elongate film 24 is 
transversely cut off by the cutting mechanism 54. Dur- 

15 ing this time, the elongate film 24 is kept under tension. 
[0061] Consequently, when the film roll 30 is 
unchucked from the film winding mechanism 50, the 
elongate film 24 is not released from the tension, and is 
hence prevented from being displaced from its proper 

20 path. As a result, the film roll 30 is prevented from suf- 
fering winding defects, such as an edge of the elongate 
film 24 on the roll core 28 projecting from an end of the 
roll core 28. Accordingly, it is possible to efficiently pro- 
duce a high-quality rolled film product 30a with a simple 

25 process and arrangement. 

[0062] The product receiving mechanism 52 has 
the tensioning roller 134 whose torque is controlled by 
the torque motor 126, and the rider roller 156 for reliably 
transmitting the drive power from the tensioning roller 

30 1 34 to the rolled film product 30a. Thus, before the film 
roll 30 is unchucked from the film winding mechanism 
50, a predetermined tension can be applied to the film 
roll 30, and the product receiving mechanism 52 is 
effectively simplified in its overall construction. 

35 [0063] The distance between the tensioning roller 
134 and the free roller 144 can be varied by the spring 
146 engaging and extending between the first and sec- 
ond swing arms 136, 142. Therefore, the tensioning 
roller 134 and the free roller 144 can reliably grip film 

40 rolls 30 having various different diameters. 

[0064] In the first embodiment, as shown in FIG. 3, 
the film rewinder 12 has the detecting means 160 for 
detecting whether the elongate film 24 is positionally 
displaced in "its transverse directions and the automatic 

45 correcting means 122 for positionally correcting the 
elongate film 24 in the transverse directions. Therefore, 
even if the elongate film 24 is positionally displaced 
when the film roll 30 is transferred to the product receiv- 
ing mechanism 52 or while the elongate film 24 is being 

so wound, the position of the elongate film 24 can automat- 
ically detected and corrected when a new core 28 is 
supplied. Therefore, the elongate film 24 can highly 
accurately be wound around the roll core 28 at all times. 
[0065] The principles of an inspecting process car- 

55 ried out by the appearance inspecting apparatus 200 
will be described below. It is assumed that the laser 
beam source 204 and the photodetector 206 are angu- 
larly related to each other such that the angle 61 ranges 



EP1 063 190 A2 



1NSDCCID:<EP 1063190A? I > 



15 



EP 1 063 190 A2 



16 



from 45° to 60° and the angle 62 is approximately 90°, 
as shown in FIGS. 7 and 14. 

[0066] As shown in FIG. 14, the laser beam source 
204 applies a linear laser beam L (straight laser beam) 
in a wavelength range to which the photosensitive mate- 
rial is not sensitive obliquely downwardly to the 
inspected surface 202 of the rolled film product 30a. At 
this time, a reflected beam Lr from the inspected sur- 
face 202 that is irradiated with the linear laser beam L is 
detected by the photodetector 206. If the rolled film 
product 30a has a good rolled state, as shown in FIG. 
1 5, then a captured image 222 of the reflected beam Lr 
extends as a straight image in an image 220 of the 
inspected surface 202, as shown in FIG. 16. 
[0067] However, if the rolled film product 30a has a 
poorly rolled state, e.g., if the inspected surface 202 has 
a concave conical shape, as shown in FIG. 17, then a 
captured image 222 of the reflected beam Lr extends as 
a line, but is bent at the center of the image 220 of the 
inspected surface 202, and has a V shape whose arms 
are tilted toward the laser beam source 204, as shown 
in FIG. 18. 

[0068] If the inspected surface 202 has a convex 
conical shape, as shown in FIG. 19, then a captured 
image 222 of the reflected beam Lr extends as a line, 
but is bent at the center of the image 220 of the 
inspected surface 202, and has an inverted V shape 
whose arms are tilted away from the laser beam source 
204, as shown in FIG. 20. 

[0069] If the rolled film product 30a has a film layer 
224 projecting from the inspected surface 202, as 
shown in FIG. 21, then a captured image 222 of the 
reflected beam Lr extends generally as a line, but 
includes jagged irregularities 226 corresponding to the 
projecting film layer 224, as shown in FIG. 22. 
[0070] If the rolled film product 30a is displaced 
wholly or partly, as shown in FIG. 23, then a captured 
image 222 of the reflected beam Lr extends generally 
as a line, but includes zigzag shapes corresponding to 
the projecting film layer 224, as shown in FIG. 24. 
[0071] The image processor 208 judges the 
inspected surface 202 as "normal" if the image 222 of 
the reflected beam Lr is a straight image as shown in 
FIG. 16, and judges the inspected surface 202 as 
"defective" if the image 222 of the reflected beam Lr is 
not a straight image as shown in FIGS. 18, 20, 22, and 
24. 

[0072] For example, as shown in FIG. 25, the image 
processor 208 determines successive midpoints 230 
between a first boundary line 222a and a second 
boundary line 222b at the respective opposite ends of 
the transverse extent of the image 222 of the reflected 
beam Lr. Then, the image processor 208 judges the 
inspected surface 202 as "normal" if a line 232 made up 
of the successive midpoints 230 fails within a predeter- 
mined range Re, and judges the inspected surface 202 
as "defective" if a portion of the line 232 falls outside of 
the range Re. 



[0073] In the appearance inspecting apparatus 200, 
as described above, the inspected surface 202 of the 
rolled film product 30a which is made of the photosensi- 
tive material is irradiated with the linear laser beam L in 

5 the wavelength range (upward from 900 nm) to which 
the photosensitive material is not sensitive. Therefore, 
the rolled film product 30a is protected against 
unwanted exposure to radiations. Since the reflected 
beam Lrfrom the inspected surface 202 is imaged, and 

w the appearance of the rolled film product 30a is 
inspected on the basis of the captured image 222 of the 
reflected beam Lr. Consequently, the process of 
inspecting the appearance of rolled film products can be 
automatized thereby to increase the efficiency with 

is which to manufacture products of the photosensitive 
material. The process of inspecting the appearance of 
rolled film products is highly accurate because all the 
rolled film products can be inspected according to 
objective evaluating standards. 

20 [0074] The inspected surface 202 of the rolled film 
product 30a may not be irradiated with the laser beam 
L, but may be irradiated with a slit light beam from an 
LED (Light-Emitting Diode) in the wavelength range 
(upward from 900 nm) to which the photosensitive 

25 material is not sensitive. 

[0075] In the above embodiment, the end face 
(inspected surface) 202 of the product 30a which com- 
prises a roll of a photosensitive sheet is inspected for its 
appearance. However, the appearance inspecting 

30 apparatus 200 may be used to inspect the appearance 
of a circumferential surface of the rolled film product 30a 
while the rolled film product 30a is rotating, for accu- 
rately and quickly detecting a bulge in the circumferen- 
tial surface, particularly on an edge thereof, due to film 

35 layer displacement or the like. 

[0076] As shown in FIG. 26, the appearance of the 
end face (inspected surface) 202 of the film roll 30 may 
be inspected while the elongate film 24 of the film roll 30 
is being wound. According to this modification, when the 

40 appearance of the inspected surface 202 is judged as 
defective while the elongate film 24 is being wound, the 
winding of the elongate film 24 is interrupted, and the 
elongate film 24 can be retrieved or wound again. 
Therefore, the cost of the material and the loss of time 

45 and labor in the operation of the apparatus may be 
smallerthan if the film roll 30 is inspected afterthe elon- 
gate film 24 has been completely wound. 
[0077] The appearance inspecting apparatus 200 
may be applied to the inspection of the appearance of a 

so side surface 244a of a stack 244 of photosensitive 
sheets 242 cut to a rectangular shape. In this applica- 
tion, a laser beam L from the laser beam source 204 is 
applied obliquely to the side surface 244a of the stack 
244, and a reflected beam Lr from the side surface 244a 

55 is detected by the photodetector 206. The appearance 
of the side surface 244a of the stack 244 is inspected on 
the basis of a captured image of the reflected beam Lr. 
[0078] Specifically, if one of the sheets 242 has an 
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edge projecting from the side surface 244a, then a cap- 
tured image 222 of the reflected beam Lr in an image 
246 of the side surface 244a extends generally as a line, 
but includes a jagged irregularity 226 corresponding to 
the projecting sheet 242, as shown in FIG. 28. The 
appearance inspecting apparatus 200 is thus capable of 
inspecting the appearance of the side surface 244a 
accurately and quickly. 

[0079] The appearance inspecting apparatus 200 
may also be used to inspect the appearance of an upper 
surface of the stack 244 of photosensitive sheets 242. In 
such an application, the appearance inspecting appara- 
tus 200 is capable of accurately and quickly detecting a 
bulge in the upper surface, particularly on an edge 
thereof. 

[0080] As shown in FIG. 29, the appearance 
inspecting apparatus 200 may be applied to the inspec- 
tion of the appearance of an upper surface 250a of a 
photosensitive plate -like member 250. If the plate -like 
member 250 has a bulge 254 on an edge thereof, then 
an image 222 of the reflected beam Lr in an image 256 
of the inspected surface 250a extends generally as a 
line, but includes a jagged irregularity 226 correspond- 
ing to the bulge 254, as shown in FIG. 30. The appear- 
ance inspecting apparatus 200 is thus capable of 
inspecting the appearance of the plate-like member 250 
accurately and quickly. 

[0081] In the first embodiment, the film winding 
apoaratus 10 is incorporated in the film rewinder 12. 
Hcwever. the film w : nding apparatus 1 0 may be incorpo- 
rated m a cutter. Wt ile the supply apparatus 56 employs 
the block wrapper 1 i6 in the first embodiment, the sup- 
ply apparatus 56 is also applicable to the automatic 
winding of an elongate film using the nip roller 90 and a 
belt wrapper. 

[0082] FIG. 3 1 schematically shows a film winding 
apparatus 300 according to a second embodiment of 
the present invention. As shown in FIG. 31, the film 
winding apparatus 300 comprises a film winding mech- 
anism 302, a prod j ;t receiving mechanism 304, a cut- 
ting mechanism 306, and a film winding mechanism 
308. Those parts of the film winding apparatus 300 
which are identical to those of the film winding appara- 
tus 10 according to the first embodiment are denoted by 
identical refer jnce numerals, and will not be described 
in detail bekw. 

[0083] The product receiving mechanism 304 has a 
slide means 310 for horizontally moving a film roll 30 
after it has received the film roll 30. The slide means 
310 has a motor 312 and a ball screw 314 operatively 
c oupled to the motor 312 and extending horizontally in 
threaded engagement with a main assembly 316. The 
film winding mechanism 308 has a movable base 318 
that ic *ixed to the main assembly 316. Therefore, the 
movable base 318 is movable back and forth in unison 
with the main assembly 316 in the directions indicated 
by the arrow E. 

[0084] A first block wrapper 320 and a guide roller 



92 are vertically movably mounted on the movable base 
318. A second block wrapper 322 and a movable guide 
324 are movably disposed in the vicinity of the film wind- 
ing mechanism 302. 

5 [0085] In the film winding apparatus 300 thus con- 
structed, as shown in FIG. 31 , a roll core 28 is rotated by 
the film winding mechanism 302 to wind an elongate 
film 24 to a predetermined length therearound, thus pro- 
ducing a fill roll 30. With the elongate film 24 kept under 

10 a predetermined tension, the product receiving mecha- 
nism 304 is actuated to hold the film roll 30 while the 
elongate film 24 is being tensioned by the tensioning 
roller 134. 

[0086] After the film winding mechanism 302 has 
15 unchucked the film roll 30, the motor 312 of the slide 
means 31 0 is energized to move horizontally the film roll 
30 that is held by the tensioning roller 1 34, the free roller 
144, and the rider roller 156 (see FIG. 32). 
[0087] In the film winding mechanism 302, a new 
20 roll core 28 is supplied from a standby position 330 by a 
supply means (not shown), and the elongate film 24 is 
held against the outer circumference of the new core 28 
by the nip roller 90. The cutting mechanism 306 is actu- 
ated to cut the elongate film 24 transversely, after which, 
25 as shown FIG. 33, the guide roller 92 is lifted to guide 
the leading end of the elongate film 24 onto the outer 
circumference of the roll core 28. The rider roller 156 is 
released from the rolled film product 30a, which is dis- 
charged. 

30 [0088] When the elongate film 24 starts to be 
wound around the new core 28, the movable guide 324 
and the second block wrapper 322 are positioned over 
the roll core 28. After the elongate film 24 has been 
wound a predetermined number of turns around the roll 

35 core 28, the movable guide 324 and the second block 
wrapper 322 are retracted from the roll core 28. 
[0089] In the second embodiment, therefore, a cer- 
tain tension is applied to the elongate film 24 at all times 
after the film roll 30 has been produced by the film wind- 

40 ing mechanism 302 and held and moved horizontally by 
the product receiving mechanism 304 until the elongate 
film 24 is cut off by the cutting mechanism 306. Conse- 
quently, the elongate film 24 is not made tension-free 
during this process, so that it is possible to efficiently 

45 produce a high-quality rolled film product 30a, as with 
the first embodiment. 

[0090] FIG. 34 schematically shows a film cutter (or 
film rewinder) 412 which incorporates a film roll core 
supplying apparatus 410 according to a third embodi- 

50 ment of the present invention. 

[0091] The film cutter 412 generally comprises a 
film delivery apparatus 418 for rotating a rolled photo- 
sensitive material (hereinafter referred to as "film roll 
414") comprising a PET film, a TAC film, or a PEN film 

55 as a base, to unwind and deliver an elongate film 41 6, a 
feed apparatus 420 for feeding the elongate film 416 
successively through subsequent processing stages, a 
cutting apparatus 426 for transversely cutting the elon- 
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gate film 416 fed by the feed apparatus 420 to produce 
elongate films 424a, 424b each having a predetermined 
width, a pair of winding apparatus (film winding mecha- 
nisms) 430 for winding the elongate films 424a, 424b 
around cores 428, a pair of supply apparatus 410 for 5 
automatically supplying cores 428 to the winding appa- 
ratus 430, a pair of cutting mechanisms 432 for cutting 
off the elongate films 424a, 424b to a predetermined 
length, and a product discharging apparatus 436 for 
automatically discharging film rolls 434 which comprise 10 
the elongate films 424a, 424b wound around the 
respective cores 428. 

[0092] The film delivery apparatus 41 8 has a pair of 
delivery shafts 438a, 438b on which respective film rolls 
414 are supported and which are mounted on a turret is 
439. The feed apparatus 420 has a main feed roller 440 
such as a suction drum and a plurality of roller 442. The 
cutting apparatus 426 has a pair of laterally spaced 
rotary cutters 444. 

[0093] Two separation rollers 446a, 446b for sepa- 20 
rating the severed elongate films 424a 424b away from 
each other in different directions are disposed below the 
cutting apparatus 426. The cutting mechanisms 432 are 
disposed downstream of the separation rollers 446a, 
446b with nip rollers 448a, 448b interposed therebe- 25 
tween. The winding apparatus 430 are disposed below 
the cutting mechanisms 432 with nip rollers 449a, 449b 
interposed therebetween. 

[0094] As shown in FIGS. 34 and 35, each of the 
winding apparatus 430 has a pair of winding chucks 30 
450a, 450b for holding the respective opposite ends of 
the roll core 428 and rotating the roll core 428. The 
winding chucks 450a, 450b are movable toward and 
away from each other in the directions indicated by the 
arrow C by a slide means 452. The winding chucks 35 
450a, 450b have respective larger-diameter portions 
next to respective tapers 451 a, 451b, and the larger- 
diameter portions have an outside diameter H smaller 
than the outside diameter of the roll core 428. To the 
winding chuck 450a, there is connected a torque-con- 40 
trollable servomotor 454 for tensioning the elongate 
films 424a, 424b after the elongate films 424a, 424b 
have been wound around the roll cores 428. 
[0095] The slide means 452 has a pair of base 
members 458a, 458b that is positionally adjustable 45 
along a guide rail 456. A first movable base 462a that is 
movable back and forth by a first cylinder 460a is 
mounted on the base member 458a. The first movable 
base 462a supports thereon a servomotor 454 having a 
drive shaft 464 that is operat'rvely coupled to a rotatable so 
shaft 468a of the winding chuck 450a by a belt and pul- 
ley mechanism 466. The rotatable shaft 468a is rotata- 
bly supported on the first movable base 462a by a 
bearing (not shown). A second movable base 462b that 
is movable back and forth by a second cylinder 460b is 55 
mounted on the base member 458b. The winding chuck 
450b has a rotatable shaft 468b rotatabty supported on 
the second movable base 462b by a bearing (not 



shown). 

[0096] As shown in FIG. 34, the product discharg- 
ing apparatus 436 has a pair of lifter tables 474 verti- 
cally movable along respective guide rails 472 on 
respective opposite side surfaces of a base 470. Rollers 
476, 478 that are rotatable by a respective rotary actua- 
tor (not shown) are rotatably supported on each of the 
lifter tables 474. A conveyor 479 for delivering a film roll 
434 to a next processing stage is disposed between the 
rollers 476, 478. 

[0097] The supply apparatus 41 0 are disposed one 
on each side of the winding apparatus 430, and have 
respective slide bases 482 disposed for back-and-forth 
movement on respective guide rails 480 that extend 
toward the winding apparatus 430 in the directions indi- 
cated by the arrow A. The supply apparatus 41 0 also 
have respective chuck mechanisms 484 disposed on 
the slide bases 482 for positional adjustment in direc- 
tions perpendicular to the guide rails 480. 
[0098] As shown in FIGS. 35 through 37, each of 
the chuck mechanisms 484 has a plurality of chuck units 
488 disposed on rail members 486a, 486b disposed on 
the slide base 482 and extending in directions perpen- 
dicular to the guide rails 480. Each of the chuck units 
488 can be moved in the axial direction of the roll core 
28, indicated by the arrow C, by an actuating means 490 
which includes a rack 492 fixedly mounted on the slide 
base 482. The rack 492 extends a predetermined length 
on the slide base 482, as with the rail members 486a, 
486b. 

[0099] Each of the chuck units 488 has a movable 
base 494 movably placed on the rail members 486a, 
486b. The actuating means 490 also includes an AC 
servomotor 496 with an absolute value encoder which is 
fixedly mounted on the movable base 494. The AC ser- 
vomotor 496 has a drive shaft 498 to which there is con- 
nected a pinion 502 by an electromagnetic clutch 500 of 
a holding means. The pinion 502 is held in driving mesh 
with the rack 492. 

[0100] A support base 504 is mounted on the mov- 
able base 494, and first and second block wrappers 
(block bodies) 506, 508 are mounted on the support 
base 504 for angular movement about a pivot shaft 510. 
The first and second block wrappers 506, 508 have a 
dimension or width H1 in the axial direction of the roll 
core 428, and have respective first and second curved 
surfaces 512, 514, partly of an arcuate shape, that are 
disposed in confronting relationship to each other and 
extend in the directions indicated by the arrow C. When 
the first and second block wrappers 506, 508 are 
closed, the first and second curved surfaces 512, 514 
jointly make up a curved surface whose diameter is 
slightly greater than the outside diameter of the roll core 
428. 

[0101] On the first and second block wrappers 506, 
508, there are mounted a plurality of rotatable rollers 
(roller members) 516, 516a, 518, 518a having portions 
projecting inwardly from the first and second curved sur- 
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faces 512, 514. At least surfaces of the rollers 516, 
516a, 518, 518a are made of metal, synthetic resin, or 
rubber depending on the type of the elongate films 
424a, 424b. 

[0102] The rollers 51 6, 51 6a are rotatable only in a 5 
predetermined position of the first block wrapper 506 for 
positioning the axis of the roll core 428. The rollers 518, 
51 8a are capable of pressing the roll core 428 under the 
bias of a spring (not shown), and are movably mounted 
on the second block wrapper 508. The roller 51 6a on w 
the first block wrapper 506 is coupled to a motor (not 
shown) for gripping the leading end of the elongate film 
424a, 424b in coaction with the roller 518a and 
smoothly guiding the leading end of the elongate film 
424a, 424b to the roll core 428. 75 
[0103] As shown in FIG. 36, an opening and closing 
means 520 comprises first and second cylinders 522, 
524 having respective ends swingably supported on the 
movable base 494. The first and second cylinders 522, 
524 have respective projecting rods 522a, 524a coupled 20 
respectively to the first and second block wrappers 506, 
508. 

[0104] As shown in FIG. 34, a suction cup 526 that 
is vertically movable by a cylinder 528 is disposed 
above each of the chuck mechanisms 484 for delivering 25 
one roll core 428, at a time, fed by a conveyor (not 
shown), to the chuck mechanism 484. The cylinder 528 
has a vertically movable cylinder rod 530 which sup- 
ports the suction cup 526 fixedly on its distal lower end. 
[0105] Operation of the film cutter 412 thus con- 30 
structed will be described in connection with the film roll 
core supplying apparatus 410 according to the third 
embodiment. 

[0106] As shown In FIG. 34, a film roll 414 loaded in 
the film delivery apparatus 41 8 is unwound by the deliv- 35 
ery shaft 438a as it rotates, delivering an elongate film 
416 to the main feed roller 440 of the feed apparatus 
420. The main feed roller 440, which comprises a suc- 
tion drum, for example, is controlled In its speed accord- 
ing to a predetermined speed pattern by the AC 40 
servomotor. The elongate film 416 whose speed has 
been adjusted by the main feed roller 440 is sent to the 
cutting apparatus 426, and cut by the rotary cutters 444 
into elongate films 424a, 424b each having a predeter- 
mined with. The elongate films 424a, 424b are sepa- 45 
rated from each other by the separation rollers 446a, 
446b, and then sent vertically downwardly by the nip 
rollers 448a, 448b, 449a, 449b. 

[0107] As shown in FIG. 38, a roll core 428 is held 
by the winding apparatus 430. and the elongate film so 
424a (the arrangement which handles the elongate film 
424b in the same manner as the elongate film 424a will 
not be described below) fed to the winding apparatus 
430 is wound around the roll core 428. In the supply 
apparatus 41 0, the second block wrapper 508 is swung 55 
in the opening direction by the second cylinder 524, and 
a new roll core 428 attracted by the suction cup 526 is 
disposed above the first block wrapper 506. 



[0108] The cylinder 528 is actuated to lower the 
suction cup 526 to deliver the roll core 428 attracted by 
the suction cup 526 into the first block wrapper 506, a* 
indicated by the two-dot-and-dash lines in FIG. 38. 
Then, the suction cup 526 releases the roll core 428, 
and is retracted upwardly, and the second cylinder 524 
is actuated to swing the second block wrapper 508 in 
the closing direction about the pivot shaft 510. The 
chuck mechanism 484 has its rollers 516, 518 support- 
ing the outer circumference of the roll core 418 while 
centering the roll core 418 coaxially with the chuck 
mechanism 484. 

[0109] As shown in FIG. 39, substantially at the 
same time that the roll core 41 8 is coaxially centered by 
the chuck mechanism 484, the winding apparatus 430 
completes the winding of the elongate film 424a. The 
lifter table 474 of the product discharging apparatus 436 
is elevated along the guide rail 472. The film roll 434, 
which comprises the elongate film 424a wound around 
the roll core 428, is supported by the rollers 476, 478 on 
the lifter table 474. The first and second nip rollers 448a, 
449a are dosed to hold the elongate film 424a, which is 
then transversely cut off by the cutting mechanism 432. 
[0110] As shown in FIG. 40, after the elongate film 
424a wound around the roll core 428 is cut off, the lifter 
table 474 supporting the film roll 434 is lowered verti- 
cally, and the chuck mechanism 484 with the new roll 
core 428 coaxially held thereby is moved toward the 
winding apparatus 430, placing the roll core 428 in the 
film winding position. In the film winding position, as 
shown in FIG. 35, the first and second cylinders 460a, 
460b of the winding apparatus 430 are actuated to dis- 
place the winding chucks 450a, 450b toward each other 
until the winding chucks 450a, 450b are inserted into 
the respective opposite ends of the roll core 428 whose 
circumferential surface is held by the chuck mechanism 
484. 

[0111] The rollers 518 of the second block wrapper 
508 are pressed by the tapers 451a, 451b of the wind- 
ing chucks 450a, 450b and retracted into the second 
block wrapper 508 against the bias of the spring (not 
shown). Since the larger-diameter portions of the wind- 
ing chucks 450a, 450b have the outside diameter H 
smaller than the outside diameter of the roll core 428, 
the winding chucks 450a, 450b can smoothly be 
inserted between the first block wrapper 506 and the 
second block wrapper 508. 

[0112] The electromagnetic clutch 500 of the hold- 
ing means is deactivated and the chuck unit 488 is mov- 
able in the axial direction of the roll core 428. When the 
winding chucks 450a, 450b grip the roll core 428, the 
roll core 428 moves in unison with the chuck unit 488 to 
absorb an axial displacement thereof. 
[0113] The servomotor 454 is energized to cause 
the belt and pulley mechanism 466 to rotate the winding 
chuck 450a (see FIG. 41 ). After the elongate film 424a 
is wound two or three turns around the roll core 428, the 
first and second cylinders 522, 524 are actuated to 
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swing the first and second block wrappers 506, 508 in 
the opening direction about the pivot shaft 510, and the 
chuck unit 488 of the chuck mechanism 484 is moved 
away from the winding apparatus 430 (see FIG. 42). 
[0114] While the elongate film 424a is being wound 5 
around the roll core 428, the first and second nip rollers 
448a, 448b are open, and the film roll 434 disposed on 
the lifter table 474 is discharged to a next processing 
stage by the conveyor 479. 

[01 1 5] After the chuck unit 488 is retracted to a pre- 
determined position, the AC servomotor 496 thereof is 
energized to cause the pinion 502 and the rack 492 to 
correct the position of the chuck unit 488. The first cylin- 
der 522 is actuated to bring the first block wrapper 506 
into a position for receiving a new roll core 428 (see FIG. 
43). 

[0116] in the third embodiment, as described 
above, the first and second block wrappers 506, 508 
have the dimension or width H1 in the axial direction of 
the roll core 428 which is indicated by the arrow C, as 
shown in FIG. 37. When the first and second block 
wrappers 506, 508 are opened and closed, the entire 
circumferential surface of the roll core 428 can coaxial ly 
be held by the rollers 516, 518. 

[0117] Then, the chuck unit 488 is moved to bring 
the roll core 428 held by the first and second block wrap- 
pers 506, 508 into the film winding position. Immediately 
after the opposite ends of the roll core 428 have been 
held by the winding chucks 450a, 450b of the winding 
apparatus 430, the servomotor 454 is energized to 
rotate the roll core 428 to start winding the elongate film 
424a therearound. 

[01 1 8] In the winding apparatus 430, since the core 
428 coaxially held by the first and second block wrap- 
pers 506, 508 is rotated, the elongate film 424a can 
quickly and efficiently be wound around the roll core 
428. Because the overall circumferential surface of the 
roll core 428 is axial ly supported by the first and second 
block wrappers 506, 508, the elongate film 424a can 
reliably be wrapped around the roll core 428 fully over 
the axial length thereof, without suffering a wrapping 
failure. 

[0119] In the third embodiment, the chuck unit 488 
is movable along the rail members 486a, 486b axially of 
the roll core 428. When the opposite ends of the roll 
core 428 that is coaxially held by the first and second 
block wrappers 506, 508 are gripped by the winding 
chucks 450a, 450b of the winding apparatus 430, the 
electromagnetic clutch 500 of the holding means is 
deactivated. 

[0120] Even if the roll core 428 is axially displaced, 
when it is gripped by the winding chucks 450a. 450b, 
the chuck unit 488 moves in unison with the roller core 
428 in the direction indicated by the arrow C, thus 
absorbing the axial displacement of the roll core 428. 
Consequently, it is possible to prevent a winding failure 
which would otherwise occur when an edge of the elon- 
gate film 424a projects outwardly from the end of the roll 
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core 428 due to an axial displacement of the roll core 
428. 

[0121] In the third embodiment, furthermore, the 
chuck unit 484 has a plurality of chuck units 488 each 
positionally adjustable in the directions indicated by the 
arrow C. If the roll core 428 has a different axial length, 
therefore, a certain number of chuck units 488 corre- 
sponding to the axial length of the roll core 428 are jux- 
taposed in the direction indicated by the arrow C, and 
the circumferential surface of the roll core 428 can relia- 
bly be held fully over its axial length by those chuck units 
488. 

[0122] For example, it is assumed that the dimen- 
sion H1 of the first and second block wrappers 506, 508 
is set to 100 mm and the distance H2 from a roll core 
end holder of the winding chucks 450a, 450b to a holder 
of the rotatable shafts 468a, 468b is set to one half (50 
mm) of the dimension H1 (see FIG. 35). Preferably, H1 
< 2 x H2. If the slit width (the width of the roll core 428) 
of the elongate film 424a is 254 mm, then three chuck 
units 488 are juxtaposed and operated to hold the roll 
core 428. 

[0123] At this time, the chuck units 488 on the oppo- 
site sides overhang the opposite ends of the elongate 
film 424a by 23 mm. However, inasmuch as the distance 
H2 from the roll core end holder of the winding chucks 
450a, 450b to the holder of the rotatable shafts 468a, 
468b is set to 50 mm, the chuck units 488 do not inter- 
fere with the winding apparatus 430. Consequently, the 
elongate film 424a can reliably be wrapped fully around 
various roll cores 428 having different axial dimensions. 
[0124] FIG. 44 schematically shows a film cutter (or 
film rewinder) 562 which incorporates a film roll core 
supplying apparatus 560 according to a fourth embodi- 
ment of the present invention. Those parts of the film 
cutter 562 which are identical to those of the film cutter 
412 according to the third embodiment are denoted by 
identical reference numerals, and will not be described 
in detail below. 

[0125] The film cutter 562 has an upper frame 564 
which supports thereon a path roller 566 that is position- 
ally adjustable in the directions indicated by the arrow D 
by a slide means 568. A rotary actuator (not shown) is 
coupled to the path roller 566 for rotating the path roller 
566 in the direction indicated by the arrow E at a periph- 
eral speed equal to or higher than the speed at which 
the elongate film 424a is fed by the main feed roller (not 
shown). 

[0126] A nip roller 570 is positioned for movement 
into and out of rolling contact with the path roller 566. 
The nip roller 570 can be moved toward and away from 
the path roller 566 by a cylinder 572. The slide means 
568, which supports the path roller 566 and the nip 
roller 570 thereon, is positionally adjustable in the direc- 
tions indicated by the arrow D depending on different 
(e.g., two) core diameters. 

[0127] The winding apparatus 430 has a movable 
nip roller 574 for holding the elongate film 424a against 
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the peripheral surface of a new roll core 428 when the 
elongate film 424a is cut off, and a movable guide roller 
576 for guiding the end of the severed elongate film 
424a against the peripheral surface of the roll core 428. 
The nip roller 574 is operatively coupled to a first drive 5 
cylinder 578, and the guide roller 576 is operatively cou- 
pled to a second drive cylinder 580. 
[0128] A main assembly 582 that is movable back 
and forth in directions across the elongate film 424a is 
mounted on the lifter table 474 of the product discharg- 10 
ing apparatus 436. The main assembly 584 includes a 
torque motor 584 having a drive shaft 586 that is opera- 
tively coupled to a tensioning roller 590 by a belt and 
pulley mechanism 588. Another tensioning roller 592 is 
positioned in juxtaposed relationship to the tensioning 15 
roller 590. 

[0129] A slide base 594 is mounted on a side sur- 
face of the main assembly 582 for movement in direc- 
tions across the elongate film 424a. A motor 596 
mounted on the slide base 594 is operatively coupled to 20 
a swingable arm 600 by a belt and pulley mechanism 
598, and a rider roller 602 is rotatably supported on the 
upper end of the arm 600. 

[0130] The chuck mechanism 484 of the supply 
apparatus 560 has a plurality of chuck units 488 each 25 
comprising a fixed first block wrapper 610 and a mova- 
ble second block wrapper 612. The second block wrap- 
per 612 is supported on a distal end of a rod 616 
projecting downwardly from a cylinder 614. The first and 
second block wrappers 610, 612 have respective first 30 
and second curved surfaces 618, 620, partly of an arcu- 
ate shape, with rollers 622, 624 rotatably mounted ther- 
eon. The rollers 624 are movable toward and away from 
the roll core 428 and normally urged by a spring (not 
shown). 35 
[0131] A core support base 626 for delivering a roll 
core 428 to the first and second block wrappers 610, 
61 2 is disposed below the chuck mechanism 484 and is 
vertically movable by a cylinder 528. A suction box 628 
that is connected to a vacuum source (not shown) is 40 
mounted on the core support base 626. A support roller 
630 is disposed at a lowered position of the core sup- 
port base 626. 

[0132] Operation of the film cutter 562 thus con- 
structed will be described below in connection with the 45 
supply apparatus 560 according to the fourth embodi- 
ment. 

[0133] As shown in FIG. 45, when the elongate film 
424a is wound to a predetermined length around the roll 
core 428 by the winding apparatus 430. producing a film so 
roll 434, the lifter table 474 is elevated to cause the rider 
roller 602 and the tensioning rollers 590, 592 to hold the 
film roll 434 (see FIG. 46). When the film roll 434 is held 
by the rider roller 602 and the tensioning rollers 590, 
592, the torque of the servomotor 454 has been control- 55 
led to impart a certain tension to the elongate film 424a 
of the film roll 434. 

[0134] The torque motor 584 is then energized to 



cause the tensioning roller 590 to tension the elongate 
film 424a. The servomotor 454 is de-energized, and the 
winding chucks 450a, 450b are released from the oppo- 
site ends of the film roll 434, thereby unchucking the film 
roll 434. The film roll 434, while being tensioned by the 
tensioning rollers 590, 592, is transferred to the product 
discharging apparatus 436, which is then lowered to the 
product discharging position (see FIG. 47). 
[0135] As shown in FIGS. 45 and 46, when the 
elongate film 424a is wound around the roll core 428 by 
the winding apparatus 430, a new roll core 428 is 
attracted and held by the suction box 628 mounted on 
the core support base 626, and a lower portion of the 
new roll core 428 is supported by the support roller 630. 
The core support base 626 is elevated in unison with 
the suction box 628, lifting the new roll core 428 to the 
core receiving position to the core transferring position, 
after which the new roll core 428 is gripped by the first 
and second block wrappers 610, 612 of the chuck 
mechanism 484. 

[0136] Then, the elongate film 424a is wound to a 
predetermined length around the roll core 428, produc- 
ing a film roll 434, which is held and lowered by the 
product discharging apparatus 436. Thereafter, as 
shown in FIG. 48, the first and second block wrappers 
61 0, 61 2 holds a new roll core 428 attracted and held by 
the suction box 628, and brings the new roll core 428 
into the film winding position. 

[0137] The first drive cylinder 578 is actuated to 
project the nip roller 574 to hold the elongate film 424a 
against the outer circumferential surface of the roll core 
428. The cutting mechanism 432 is actuated to cut the 
elongate film 424a transversely, and the second drive 
cylinder 580 is operated to move the guide roller 576 
toward the roll core 428 for thereby winding the leading 
end of the elongate film 424a around the circumferential 
surface of the roll core 428. 

[0138] The winding apparatus 430 is operated to 
rotate the roil core 428. After the elongate film 424a is 
wound two or three turns around the roll core 428, the 
first and second block wrappers 610, 612, the nip roller 
574, and the guide roller 576 are retracted, and then the 
elongate film 424a is wound a predetermined length 
around the roll core 428 (see FIG. 49). 
[0139] In the fourth embodiment, as described 
above, the first and second block wrappers 610, 612 of 
the supply apparatus 560 coaxially hold the roll core 
428 fully over its entire length. While the first and sec- 
ond block wrappers 610, 612 is coaxially hold the roll 
core 428 fully over its entire length in the film winding 
position, the winding apparatus 430 can rotate the roll 
core 428. Therefore, the elongate film 424a can effi- 
ciently and highly accurately be wound around the roll 
core 428 while reducing as much time loss as possible, 
as with the third embodiment. 

[01 40] In the method of and apparatus for winding a 
film according to the present invention, after an elon- 
gate film is wound around a roll core, producing a film 



14 

JNSOOCID: <EP 106319QA2_L> 



27 



EP1 063 190 A2 



28 



roll, the film roll is transferred from the film winding 
mscr-ansrr. to the product receiving mechanism, and 
then me ebngate film is cut off. During this time, the 
elongate tint is always tensioned. Therefore, the elon- 
gate 'iirr is prevented from being positionally displaced, 
a- a a h gn quality film roll can efficiently be produced 
*iin a si-Tip»e process and arrangement. 
(0141 1 in the method of and apparatus for supplying 
a # iirr roll core, while a roll core is being gripped by the 
openabie and closable chuck mechanism which has a 
centering function, an elongate film is wound to a prede- 
termined length around the roll core by the film winding 
mecran.sm. Therefore, the elongate film can efficiently 
ard highly accurately be wound around the roll core 
while reducing as much time loss as possible. 
(014?) n the method of and apparatus for inspect- 
ing me ape can nee of a film roll, the appearance of a 
roaeo f«m product or inspected object (semi-finished 
product) can accurately be inspected within a short 
p*-rio:i of time without affecting the quality of a photo- 
sensitive material The efficiency with which to manu- 
facture products of a photosensitive material can 
therefore be increased. 

(0143] Although certain preferred embodiments of 
the present invention have been shown and described 
m oetail it should be understood that various changes 
ard modifications may be made therein without depart- 
ing from the scope of the appended claims. 

Claims 

1 . A method of winding a film, comprising the steps of: 

placing a roll core (28) in a film winding mecha- 
nism (50), and thereafter winding an elongate 
film to a predetermined length around said roll 
core (28) thereby to produce a film roll (30); 
gripping said film roll (30) tensioned by said film 
winding mechanism (50), with a product receiv- 
ing mechanism (52), and tensioning a circum- 
ferential surface of said elongate film (24) 
wound around said roll core (28); 
releasing said film roll (30) from said film wind- 
ing mechanism (50), and thereafter displacing 
said product receiving mechanism (52) away 
from said film winding mechanism (50) while 
gripping a circumferential surface of said film 
roll (30) with said product receiving mechanism 
(52); and 

transversely cutting off said elongate film (24) 
while said elongate film (24) is being tensioned. 

2. A method according to claim 1 , further comprising 
the step of: 

while holding the circumferential surface of said 
film roll (30) with a tensioning roller (134) of 
said product receiving mechanism (52), dis- 



placing said product receiving mechanism (52) 
away from said film winding mechanism (50) 
while unwinding said film roll (30). 

5 3. A method according to claim 1 , further comprising 
the step of: 

while holding the circumferential surface of said 
film roll (30) with a tensioning roller (134) of 
w said product receiving mechanism (52), dis- 

placing said product receiving mechanism (52) 
away from said film winding mechanism (50) 
while drawing said elongate film (24). 

15 4- A method according to claim 1 , further comprising 
the step of: 

detecting whether said elongate film (24) is 
transversely displaced in position or not before 
20 said elongate film (24) is wound around a new 

roll core (28). 

5. A method according to claim 4, further comprising 
the step of: 

25 

if said elongate film (24) is transversely dis- 
placed in position, automatically correcting the 
position of said elongate film (24). 

30 6. A method according to claim 1, further comprising 
the steps of: 

gripping said roll core (428) with a chuck mech- 
anism (484) having a centering function; 
35 positioning said chuck mechanism (484) in 

association with said film winding mechanism 
(430); and 

while said roll core (428) is being centered by 
said chuck mechanism (484), winding said 
40 elongate film (424a, 424b) to a predetermined 

length around the roll core (428) with said film 
winding mechanism (430). 

7. A method according to claim 1 , further comprising 
45 the steps of: 



applying a linear Tight beam (L) in a wavelength 
range to which a photosensitive material is 
insensitive, to at least one inspected surface 
so (202) of the film roll (30a); 

imaging a reflected beam (Lr) from the 
inspected surface; and 

inspecting the appearance of the film roll (30a) 
based on the image of the reflected beam (Lr). 

55 

8. A method of supplying a roll core (428) to a film 
winding mechanism (430) for rotating the roll core 
(428) to wind an elongate film (424a, 424b) around 
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the roll core (428) thereby to produce a film roll 
(434), comprising the steps of: 

gripping the said roll core (428) with a chuck 
mechanism (484) having a centering function; 
positioning said chuck mechanism (484) in 
association with said film winding mechanism 
(430); and 

while said roll core (428) is being centered by 
said chuck mechanism (484), winding said 
elongate film (424a, 424b) to a predetermined 
length around the roll core (428) with said film 
winding mechanism (430). 



1 3. A method according to claim 1 1 , wherein said linear 
light beam (L) comprises a laser beam (L) or a light 
beam from a light-emitting diode. 

5 14. A method according to claim 12, further comprising 
the step of: 

imaging said reflected light (Lr) obliquely to 
said inspected surface (202) of said film roll 
10 (30a). 

15. A method according to claim 12, further comprising 
the step of: 



9. A method according to claim 8, further comprising 
the steps of: 

when opposite ends of said roll core (428) held 
by said chuck mechanism (484) are gripped by 
said film winding mechanism (430), releasing a 
holding means (500) which immovably fixes 
said chuck mechanism (484) in an axial direc- 
tion of the roll core (428), thereby to allow said 
chuck mechanism (484) to move in the axial 
direction of the roll core (428). 

10. A method according to claim 8 or 9, further com- 
prising the steps of: 

if said roll core (428) has a different axial 
length, positioning a plurality of chuck mecha- 
nisms (488) depending on the axial length of 
the roll core (428), in juxtaposed relationship in 
an axial direction of the roll core (428); and 
holding a circumferential surface of the roll core 
(428) with said plurality of chuck mechanisms 
(488). 

11. A method of inspecting the appearance of a film 
roll, comprising the steps of: 

applying a linear light beam (L) in a wavelength 
range to which a photosensitive material is 
insensitive, to at least one inspected surface 
(202) of a film roll (30a) which has been pro- 
duced by winding an elongate film (24) to a pre- 
determined length around a roll core (28); 
imaging a reflected beam (Lr) from the 
inspected surface; and 

inspecting the appearance of the film roll (30a) 
based on the image of the reflected beam (Lr). 

12. A method according to claim 1 1 , further comprising 
the step of: 

applying said linear light beam (L) obliquely to 
said inspected surface (202) of said film roll 
(30a). 



is imaging said reflected light (Lr) substantially 

perpendicularly to said inspected surface (202) 
of said film roll (30a). 

16. A method according to claim 12, further comprising 
20 the steps of: 

determining a succession of midpoints (230) 
between a first boundary (222a) and a second 
boundary (222b) opposite thereto, of a linear 
25 image (222) of said reflected beam (Lr); and 

inspecting the appearance of the film roll (30a) 
based on whether a line represented by the 
determined succession of midpoints (230) falls 
within a predetermine range or not. 

30 

17. An apparatus for winding a film, comprising: 

a film winding mechanism (50) for holding and 
rotating a roll core (28) to wind an elongate film 
35 (24) to a predetermined length around said roll 

core (28) thereby to produce a film roll (30); 
a product receiving mechanism (52) for grip- 
ping said film roll (30) while tensioning a cir- 
cumferential surface of said elongate film (24), 
40 said product receiving mechanism (52) being 

displaceable away from said film winding 
mechanism (50); and 

a cutting mechanism (54) for transversely cut- 
ting off said elongate film (24) while said elon- 
45 gate film (24) is being tensioned by said 

product receiving mechanism (52). 

18. An apparatus according to claim 17, further com- 
prising: 

50 

a supply apparatus (56) for automatically sup- 
plying said roll core (28) to said film finding 
mechanism (150). 

55 19. An apparatus according to claim 17, wherein said 
film winding mechanism (50) comprises: 

a movable nip roller (90) for holding said elon- 
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gate film (24) against the circumferential sur- 
face of a new roll core (28) when said elongate 
film (24) is to be cut off; and 
a movable guide roller (92) for guiding an end 
of said elongate film (24) as cut off onto the cir- 
cumferential surface of the new roll core (28). 

20. An apparatus according to claim 17, wherein said 
film winding mechanism (50) comprises: 

a torque-controllable servomotor (72) for ten- 
sioning said elongate film (24) after the elon- 
gate film (24) has been wound around said roll 
core (28). 

21. An apparatus according to claim 17, wherein said 
product receiving mechanism (52) comprises: 

a tensioning roller (134) movable into and out 
of rolling contact with a circumferential surface 
of said film roll (30); and 

a motor (126) for applying a torque to rotate 
said tensioning roller (134). 

22. An apparatus according to claim 17, further com- 
prising: 

detecting means (160) for detecting whether 
said elongate film (24) is transversely dis- 
placed in position or not before said elongate 
film (24) is wound around a new roll core (28). 

23. An apparatus according to claim 21 , wherein said 
product receiving mechanism (52) comprises: 

automatic correcting means (122) for automat- 
ically correcting the position of said elongate 
film (24) if said elongate film (24) is trans- 
versely displaced in position. 

24. An apparatus according to claim 17, further com- 
prising: 

a chuck mechanism (484) for gripping said roll 
core (428) in a coaxial ly centered fashion, said 
chuck mechanism (484) being movable toward 
and away from said film winding mechanism 
(430); 

said chuck mechanism (484) comprising: 

a plurality of block bodies (506, 508) for 
gripping a circumferential surface of said 
roll core (428), said block bodies (506, 
508) having a predetermined width in an 
axial direction of said roll core (428), at 
least of said block bodies (506, 508) being 
movable; and 

a plurality of rollers (1 1 6, 1 1 6a, 1 1 8, 1 1 8a) 



mounted on said block bodies (506, 508), 
for supporting said roll core (428) gripped 
by said block bodies (506, 508), rotatably 
in said coaxially centered fashion. 

5 

25. An apparatus according to claim 17, further com- 
prising: 

light beam applying means (204) for applying a 
io linear light beam (L) in a wavelength range to 

which a photosensitive material is insensitive, 
to at least one inspected surface (202) of the 
film roll (30a); 

imaging means (206) for imaging a reflected 
15 beam (Lr) from the inspected surface (202); 

and 

inspecting means (208) for inspecting the 
appearance of the film roll (30a) based on the 
image of the reflected beam (Lr) captured by 
20 said imaging means (206). 

26. An apparatus for supplying a roll core (428) to a film 
winding mechanism (430) for rotating the roll core 
(428) to wind an elongate film (424a, 424b) around 

25 the roll core (428) thereby to produce a film roll 
(434), comprising: 



a chuck mechanism (484) for gripping said roll 
core (428) in a coaxially centered fashion, said 
chuck mechanism (484) being movable toward 
and away from said film winding mechanism 
(430); 

said chuck mechanism (484) comprising: 

a plurality of block bodies (506, 508) for 
gripping a circumferential surface of said 
roll core (428), said block bodies (506, 
508) having a predetermined width in an 
axial direction of said roll core (428), at 
least of said block bodies (506, 508) being 
movable; and 

a plurality of rollers (116, 116a, 118, 118a) 
mounted on said block bodies (506, 508), 
for supporting said roll core (428) gripped 
by said block bodies (506, 508), rotatably 
in said coaxially centered fashion. 

27. An apparatus according to claim 26, wherein said 
chuck mechanism (484) comprises: 

a plurality of chuck units (488) each having a 
plurality of said block bodies (506, 508); and 
actuating means (490) for moving said chuck 
units (488) in the axial direction of said roll core 
(428). 

28. An apparatus according to claim 25, wherein said 
chuck mechanism (484) comprises: 
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a chuck unit (488) having a plurality of said 
oiock boaies (506, 508), said chuck unit (488) 
Dc«ng movable in the axial direction of said roll 
core (428); and 

lotJmg means (500) for holding immovably s 
s«i>a chuck unit (488) in the axial direction of 
said roll core (428). 

29. An apparaius according to claim 28, wherein said 
ciuck mechanism (484) comprises: 10 



means for determining a succession of mid- 
points (230) between a first boundary (222a) 
and a second boundary (222b) opposite 
thereto, of a linear image (222) of said reflected 
beam (Lr); and 

means for inspecting the appearance of the 
film roll (30a) based on whether a line repre- 
sented by the determined succession of mid- 
points (230) falls within a predetermine range 
or not 



d plurality of chuck units (488) each having a 
plurality of said block bodies (506, 508); and 
act jat ng means (490) for moving said chuck 
jnrs (488) in the axial direction of said roll core is 

4-8) 



30. An apparatus fo* inspecting the appearance of a 
fir; '^n. comprising. 

20 

•Qht tv?an applying means (204) for applying a 
<in*ar light beam (L) in a wavelength range to 
when a photosensitive material is insensitive, 
to at least ore inspected surface (202) of a film 
'oil (30a) which has been produced by winding 25 
an elongate film (24) to a predetermined length 
around a roll core (28); 

magirg means (206) for imaging a reflected 
oeam (Lr) from the inspected surface (202); 
and 30 
nspecting means (208) for inspecting the 
appearance of the film roll (30a) based on the 
mage of the reflected beam (Lr) captured by 
said imaging means (206). 

35 

31. An apparatus according to claim 30, wherein said 
light beam applying means (204) comprises means 
positioned for applying said linear light beam (L) 
oolicuely to said inspected surface (202) of said film 

roll (30a). 40 



32. An apparatus according to claim 30, wherein said 
lineer light beam (L) comprises a laser beam (L) or 
a light beam from a light-emitting diode. 

45 

33. An apparatus according to claim 30, wherein said 
imaging" means (206) comprises means positioned 
for imaging said reflected light (Lr) obliquely to said 
inspected surface (202) of said film roil (30a). 

so 

34. An apparatus according to claim 30, wherein said 
imaging means (206) comprises means positioned 
for imaging said reflected light (Lr) substantially 
perpendicularly to said inspected surface (202) of 
said film roll (30a). 55 

35. An apparatus according to claim 30, wherein said 
inspecting means (208) comprises: 
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